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POLLERATING IKSECTS

INTRODUCTION

Tbe importance of pollicating insects to the efficienc reproduction and
vigor of many plaats is vell known, as 1s the statad of the Apoidea (bees) as
thf most effective group amoug the pollinators. Extensive reviews of thke part
bees play 1u tte pollination of crop plaots are supplicd by Free (1970) aad
¥cCregor (1976). By comparison, there hgs been very iittle research into the
dependence of poo-cultivated plants, and esp;cially soatane plants, upon insect
pollination. Macior (1974) found 27 of 29 Rocky Mountain species studied to de
dependent upou insects for—frutt produc::on.- McGregor (1376, lists 45 genera,
plus Z families countaining "pumerous” or "several™ geoera, of wild flowers and
ornazent~ls which the literature indicates are reliauz wpon Josect pollination.

All in all, the beseficlal aspects of wild forbs, shrubs and treces are
difficule to assess apd probably impossible to evaluate wonetarily. Bohart
(1952) surposed the wost drastic effect of‘fhe eliminatioo of pollinators would
be io uneultivated areas, where soil-holdiag and soll-enti.aing placts would
die off. He also pointed out the aesthetic value of ﬁlooaing wildflowers. The
production of seeds, fruits and outs tor wildlife conswnption {s also Important.

Enott (1950) stated that 5 plant families--the Amaranthaceae, Gramineae, Legua-

inosaae, Polygoniaceae and Rosaceae—provide the buli of the diets_of quall and

pheasants. The latter 3 of these families are eantodgophilous (McGregor, 1976).

According to Knott, squirrels, bears and raccoons derive a sizable percentage

of their diets from a nuwhber of forest plants vhich Manning f194)) and Yeager
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(1937) state are dependent upon, or benefitted by, insect pellination. Martin
et al. (1951) provide a2 general reference to the feeding habits of wildlife.

Yet another role of flowering plants Is Co maintain the integrity of an
area”s pollination ecology. A pa-ticular species of plant provides nectar and
pollen which is needed by the insect pollinscor; the insect ihea serves as a
pellinating agent not oaly for that species, but for many others as well. Thus
seeningly unizportant vild flovers may contribute to the welfare of a group of
bees needed to pollinace a plant which is of direct importance to man, wildlife
or the ecosysied.

- In view af the importaz:e ol poslinazors to a forest, It is essential
to have Inforzation on the izziz: of cheaical fnsecticides upon them. In
-1976, forest plots in northeaszzm Oregca vere treated in order to obtain data
oa the effects of hees, othet zc-target insects snd other animals.

Begincing fa 1944, DOT vas used on several occasions to control rather
irregular cutbrezks of the Douglas-fir tussock moth, Orgyia pseudotsugata McD.
Howvever, due to Increased awvareness of possible detrimental environmental
effects of this pesticide, DDT vas banned by the Zavironmental Protection
Ageacy in 1972 for aearly al]l uses. Permission vas granted in 1974 for one

- final application of DUT to 460,000 acres in the Pacific Northuest.

The United States Department of Agriculture, Douglas-fir Tussock Moth
Reseatch and Deve.vpment Program was organized {a 1975 2o investigate many
aspects of the Douglas-fir tusscck woth problen, including the necessity of
finding a suitable control rarterial to replace DDT. Three candidate Inse-ticides
vere selected: carbaryl (Sevin-4-o01l formslation), acephate (Orthene) and
diflubenzaron (Dimilin or TH 6040, a urea compound}. Ourrphase of the project

is ob:aining environmental impact data to assist in developing costrhenefil

ralios to determine possible future use of the materfals in tussock moth
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campaligns.
Disast-ous effects of carbaryl on bees are well documented (e. g-, Pryizs,
1975; Johansen, 1977). Johansen’s (1972b) tests on alfalfa indicated carbaryl

#01 WP at 0.1 1b ai/acre was highly toxfc To bees ever afrer fieid veathered for

2 days- There was a typical pattem of susceptibility (Megachile pacifica

Panzer Neaia selanderi Ceckerell Apis wellifera L. Bezbus spyr ' in the

bees he studied. It has long been known that formulation affects the texwicity
of an iInsecticide to bees (see Johansea, 1969) and that oll seluliens are azong
the least hazzrdous (Johansen, 1972a; Johansea and Kieinscheidr, 1972). Lagier
et al. (1974) found ULV Sevin-i-oil was puch less detrisertal te honey bee
colontes than carbaryl WP, due o shorter residual effects. However, this
chorter residual effect only eccurs with desages of 0.5 1% affacre or less.
Morse (1972), workiag in Pennsylvani; forests, suggested Sevin-é-oll vas pre-
ferable to other cardaryl forwulations, but even the Sevin-i-oil forzulation
caused losses whish would economically affect a commercial aplary. Johansen
(1975) obtained high honey bee kills from Sevin-4-0il at 1.0 Ib al/acre oa
20-acre forest plots in northern Idaho.

Atiiins (1975) groups acephate vwith carbaryl among the pesticides he cails
“"highly toxic™ to bees, but polats out the Josage of acephite very closely »ffects
thé severity of its threat to honey bees. Jehansen (1977) classifies it as
"minimal hazard, if applied during late evenirg. night, or early morniag on

“blooting crops.” 1ts residual cffect cn alfalfa leafcuiting bees (M. pacifica),
alkali bees (N. melanderi) and h--ey bees {s omch lower than that of carbaryl
(Johansen, 1972b). Johansen’s (1975) study on northern Idaho plots shoved ace-

phate at 0.5 1b ai/acre produced rather low honey bee kills and residual effects

were negligible. These results are in ag-cement with those observed by Buckner

#nd Melend (1975).

Fven though difluhenzdroq\is a relatively nev experimental componnd , it

has bee: investigated fairly thoroughly. Beth Atkins et al. (1976) and Jeohansen oL
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(1976a) feund that it was non-hazardous to honey bees at up te 0.5 1b 2:1/2cxe
in direct exposure studies. Since the material is effective against insert
larvae by ingestion,and long-lastiang residues have been dertected in field
studies [be'and 1WI5) ) the potential hazard to bees frem pallen con-

taminatien was studied DY Johansen (1976b). Be found tha: feeding tolonies

with syrup contaiaiag 10 ppm diflubenzuron resulted In one iastance of queen

supercedure, death of brood, and production of dwarfed workers. Fleld appli-
cation on rape seed caused no harm to honey bee brood or adulis, and greenhouse
studies showed no hazard te a2lfalfa leafcutting bee adults or progeny frem
pollen contacization. Hraey bees also wvere unharaed vhen caged an fleld-wveathered
residues (for method, see Johazsea, 1972b)} applied at wup to 0.5 1b aifacre
(Johansen, 1973).

A J-year study to determine the effects of these 3 insecticides upmn
pollinating bees and pollination of forest plants vas begun. in June 1975, and
will be concluded in April 1978. Results obtained during the f[{rst 2 years are

pres:nted here.
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STUDY AREAS

Pine pl-*ts vere selected In the Uallowa-Whitman National Ferest In norih-
easterns Oregon (Figs. 1 and 2). Six vere in the Union District {eastern side}
of the farest, while ) were ia the LaGrande Discrice tum::ern side}. All plezs
wvere 100 acres in area, centered on Stresas. The plots allocated for acephate
and carbaryl treatment wvere enlarged by 120 acres for the treatzmeut year. This
area was added te the upsiream portion of Lowver LItk Creek and Jorlan Creek
plots, and Te the downstreanm pertion of Lover Coose Creek and Ladd Creek plots.
All plots were chesen as poze=tial DovZias-fir tussock moth haditat, but ne
contrel materiais had been 23-.%ed to the plets prier o the study. -

R. Clausen of the Universizs of Idaho derermined the - ant communities

in selected subplots, using Z221 (1973). His determinati. sre used In the

following descriptions (see 1azle 1).

Tahle 1. FKey to classification of plant communities (Mall, 1973).

Flant Cegzun itv Code

®.ndercsa pine - Douglas-fir - elk sedge cD-GI-11
Pendernsa pine - Douvglas-fir - saowberry~ oceanspray CD-56-11
Mixed conifer - piregrass. ash soils i-G1-12
Lodzepole pine - big huckleberry CL-55-11
lLrdgepole pine - pinegrass - grouse huckleberry CL-G2-11
white fir - tvinflower - ford CW-F)-11
White fir - big huckleberry e-52-11
thite fir - grouse huckleberry o-58-11
Sub-alpine fir - big huckleberry CE-513-11

1.a24 Creex (IAC)

1AC is In the lLaGrande District, {solated by more than 5 miles from the
closest plat, Whiskey Creek. Elevation ranges from ca. 4240 to 4200 fr. North-
eaztern guarter of the plot is foraed by a steep slope, but the rest of the plet

rises nere gently from the stream bottom. Most of LAC is a cw-52-11 cewmunity,
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with Jesse; elements of CIF35-11, CW-58-11, and C¥-52-11. The main bee frrage

plants eccurring in the .iot are Syrphericarpes albus and Selidage sp.

Whiskew Creex (WC)

KC is in the LaGrande District, separated frem Jordan Creek hry ra. 1.)
miles and 2 ridges. Elevatien is ca. 4980 to 5600 fI., and the plet Is mzainly
a stesp-sided valley. WC is mostiy ¥-52-11, with some CL-35-1, CL-GI-17, and

C2-5S4-11. Bee forage is provided mailniy by Ranunculus, 7T2-axacm, Seaecin

triangirlaric, Mertensia“aad Phacelia.

Jordan Creeu (JC)

JC varies In elevation fre= ca. &B0O to 5380 fr., and {s alse a stee;-
sided valley. Plan: cenmuni:iies are mainly C¥-§2-11, with smaller amounis of

C2-56-11 and CL-55-11. Mertexs!la, Phacelia. Trifoliim, Taraxac:m, anéd Mentha

are the post common neclar and pollen sources.

mrer 1.irk Creer [(LC1)

Lick Creek 1s in the Unto~ Nistrict. LC1 is separared from LTI ¥ ca.
0.5 mile. its elevation ranges from ca. 4840 to 5200 ft. The creex flows
threugh a dry, rocky, gently sloping valley in this area. Tree cover {s rela-
tively sparse. Plant communities are Gi-G1-12, CD-$6-11 and Ca-%2-11. The pl-t
te heavily erazed and forage plants are rather scarce, vith Trifeli-a and

Fhasriia “2ing the mosl commen.

lecer 1.0-7 Creek (1.r2)

162 ranpes in elevation from 4240 to 4750 fe. Sides cf the valley are
steeper and rockier than at LCl. The major plant community is CI-5%-11; w-58-11
and (=03-12 accur less commonly. Ground cover has largely been removed by
cattle grazing. The more abundant nectsr and pollen plants are Swmphericapes,

Fharelia, and Trif~Yium,
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Biz Creek (B37)

3C is In the Unjon Districz. It is separated from LZ? by ca. one aile
and a ridge, and from Velvet Creek plot by ca. 0.7 mile and a ridge. 1Its
elevatien ranges frem ca. 4120 to 5000 ft. It is a moderately sleping vlley

compesed mainiy of (1-56-11, with smail amounts of CR-Gl-12. S =rnbarfrarans

is adbundant, and Vicia and Trifolium are also common.

Veiver Creex fEEl

Eleva:ilonr of VC varies fTom L6B0 to 5480 fr. The vallev slepes meder—
ately. Its zaia plant community Is CJ-52-11, “-ith lesser amounts of C--G1-12

and CE-$3-11. Mertensia, Urmsglcssun, Mentha, and Svmpharicarpos cecur in

abundance aloag the creek and yrovide good bee forage.

Upper Gonse Creek (GC1)

Goese Creek 1Is in the Union District. GCl 1s separated from GC2 by
ca. 0.7 mile. Its e’evation varies from ca. 4130 teo 4720 fr. The plot is
in a broad, flat valley with the westemrn side formed by a fairly stieep slinpe.
The soil is quite dry. ©CW-Gl-1: is the major plant community, while CZ-53-11
and C<-51-11 also ocecvr. Syiphoricarpos occurs abundantly but was badly
dizinished by cattie in the 1976 season. Best bee forage plants are Cymegloss-z,

Cardaria, Trifolium and Svevhoricarpoes.

lrwer Gnncs Creek {GC2Y

G2 has an elevation ranging frcz ca. 4000 to 4400 ft. and s a moderately

sinping valley with dry soil. CW-G1-12 is the most common piant cormmunity,

witile CD-56-11 and CW-58-11 atre also on the plot. Svmrheiicarros is the
L

&5l abundant nectar and pollen plant. Cymoglossum and Trifniim are also

quite commaon.
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MATERIALS AND METHODS

Weathe:r Statiens
During the 1976 sampling period, veather stations vere operzting a: )
eites (Figs. 1 ard 2}, to give a general idea of the wveather {n the vicinity

of the plots. Temperature, relative hunidity and rainfall vere recorded. The

relat.ve huzidity data appeared lnaccurat; and vere discarded.

Sprav Aonlicatizns

Treatzezis began 23 [ =2, 2976, Spray materials were appliied with a
conventional cezzle and boom = szenx —ounted on a Bell 2068 Jer Ranger hellcopte-.
Xo. BODY Tee-Jet flat fan coi:ile 1ips vere wused , alming for a drep size of
less than 150 micrens TD. Triiizents vere applied In 75-foet swaths at 60
eph and &0 psi. Spraving was ccojleted in the early morning of each day. Due
to unfavorable wveather, distances separating the plots, and number of cheaicals

to be applied, spraving was not cozpleied until 27 Jure. Treatments, temperalure

and wind spee!./cﬁz'da:es of application appear in Table 2.

Te assess\rpri; deposit, red dye wvas added *o each spray mix, and whire
Kroxze'tote spray cards ard aluninum plaies were placed perpendicular to the
flight lines, actoss each plot (cards showed a wniform application in all cases).
To monitor effects of the applicatinons on bees and pollination, several

methods were employed. Base line data were gathered In 1975, while fmpact

data were collected In 1976, using virtually the same methods.

Erney Bee Studies

Two colonles of honey bees in standard Langstreth hives were placed n2a-
the center of each plot. In 1975 these were recently divided splits (haived
colrnices), and wers quite weak i{nitfally. Each cglony contained aboutl 3 frazes
of brard.,  Hewever, In 1976 overwintered colonies were used , and 17 of the 18

vere gquite strony initially (abeout 6 frares of brood). One colonv, GCI-A, had




ealv one frame ot hreed, but did have a fairly stroeng field Inmrce.

The eatrance of each hive vas fitted with a Tedd dead dee trazp {atnins
et 2i., 1970) and daily death rates uere wonitered (Fig- 31). Ceunting of
large sawples was facilitated by the use of 2 fuanel and 1779 ml graduated
eylinder (Fig. 4}. The cylinder was calibrated for conversien af veluze to
ausber of bees (Andersen et al., 1966). At times during the 1373 seasern, ants
vere carrving the trip?ed dead bees avay. & *" el was acniesed by sprinuling
small ameunts ef chlerdane areund the rraps. o aveld the possibility that
chlnrdane was ceatributing te bse deaths, in 1976 the hives ard trTaps were sel
on 4"x4” bearis vhich were palnted with Stick-ua.

Conditien of the colenies was determined by noting breed and stores accumu-
latisn 2t intervals threugh eals season. Ia 1975, this vas done by ceuitlng
the nucher of frames occupled by broed, pollen er honey. A more accurate assess-~
vent was made in 1976 by measuting the cosb areas vith a grid device divided inzlo

square inches {Fig- 5). 1In addition, LaVerne Boylan, the beekeeper frem whead

the colrnies were tented, made a followup checkk en co.ony conditien in Octeber

1976 ard January 1977.

To obtain pollen samplé; as wvell as bees dying within the hives, pellen
traps of the type described by Nye {(1959) aud modifled for bee poisoning studles
'by Jehansen (1966). were used with one hive per plot iIn 1976 (Fig. 6). Pecllen
fanp.es vere senl to R. B. Roberts, Pacific Southwest Forest & Range Txperizent

Statinn, Berkeley, CA, for chemical analysis.

Wild RBee studies
Fffects on wild bees were studied by observing their foraping acti~vity rn
f1~wering plants. Each observation vas compnsed of 25 "sight units,” each unit

beire cne square yard of bloom. All 25 units were on the same plant specles.

Tie obcerver’s eye was first trained to v. sunallze a square yard using *the
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device of Szith and Tewmsend (19321}, and subsequently the arsa Waz extimatel

witheut the devize. Observatien ef each unit lasted apprezizarel’ 10 xere i lin.
Sightings vere aluays condveted on varn { >18 C) sunny dayx hetween 1107 and

1500 hrs- Observatiens were made approximately weekly, except iz the weeks
clasely preceeding and fallewiag pesticide applicatien, when they weTe Tade every
ene or 2 days.

In mest €ases, cgentificazion of bees at least te the generic level was
possible by this methed. Occaslenally, and espe-ially in the first vear of the
study, bees wor-e collected with a sueeﬁ‘net for labaratery jdentificatisn.

This was avoided whenever pessitle, in order ta minimize disturbanre of the
pepulatiens. Aupble hees were identified to specles, using the key of Stephen
(1957). Stephen et ;1- (196%) ~as used In ident{fying all other bees o the

eneric level. Determinations were checued by comparin thean with specizens
4 > 4 7

in the ¥. T. Janpes Entomolegical Collection, Washington State Universizy-

Malaise-type iraps were operated b E. J. Davis 11I, urnder the guidance of

W. J. Turmer, both of the Departzent of Entomology, Washlngton Srate Universitv.

These were placed in the same locations in bot* seasons, and provided a meaws

ot tabulating the taxonomic groups of Apoldea occurring in the piots.

Nesting Srudies

Attempts to trap-aest hees of the fawily vegachilidae nroved pnfractinl.
In 1275, 2 grooved-board blocks containing 260 Y-inch diameter tumnels (Lves
sad Jeohansen, 1974) vere placéU on dead tree trunks in each plet at the edpe of
forest meadeds. No nesting occurrgd. In 1975, 5 trap nesis of n-dificrrnt
de=ign were placed in each plot. These vere ceveloped by E. O. Klostermerer,

Department of Entosnlogy, Washington State University, and consintel of thin-




walled cardbsard tubes of varying diameter embedded in a2 vermiculite —paint
pixture in half-gallen allk cartons. They were placed cleser te creekxs than
in 1975, se that masen bees would have a ready source of mud for cell censtrue-~
tien. Io addition, 15 Osmia lignacia Say cocoons containing winter adults were
placed in one nest block in each plot.

Some time was also devoted during the 2 summers to searching fer bumble
bee nests, which were excavated at each season's end. The oumber of cells and
weotrers were tzdulated to proviie additional data. Unfortunately, only & nests

were found en :“e plets in the 2 seasons' study.

-

Flewering Plant Studies

Another‘aspect of the st:27 concerned de-ernining the extent to which soze
of the more abundant forest flaza depend upon insects for pollination. Prier
to bloom, plants were eaclosed in cages made of galvanized window screen,
13 x 14 mesh (Fig. 7). The cages were firmly seCu£ed to }' wooden stakes.
Soil was mounded against the base of each cage to elim aate openings. After
flowering, comparable numbers of enclosed and open-pollinated plants in the
{gmediate vicinity were exapined for fruit production. Several kruits from
each sacple were opened, to asce;iain whether they bore a normal nusher of seads.

Failute to produce seeds under the cages indicated a lack of self-pollination

in the absence of insects (or other animals) too large to penetrate the screen.

Nermal fruiting under cages {ndicated svccessful self-pollination or pollinatien
by insects such as thysanopterans, which are small enough tc .. 3 through the
openings in the screca.

When a screened plant set fruit with some success, iv. ::eds were col--
Jected, alony with seeds from nearby open-pollinated plarts. Gerzination trials
were conducted, to test the vigor of seeds produced by self-pollination. These

tests were run according to the standards and recommendations of the Association
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of Official Seed Analysts (1970) and Maguire and Overland (1972}.

To determine how the micrcenvironment of a plamt enclesed in screen might
be altered , temperature and relative humidity were measured inside several of
the cages, and coopared to readings obtained amongst neighboring unen~losed
plants of the s«z- speciles. This was done by lifting the screen at one corner
and thrusting a Bendix hand-aspirated psychrometer, n;del HA-2A, 1nto'the cage.

The nucber of fruits produced by plants in spray plots as ccﬁpared to
check plets was also studied. Plancs blooming during and shortly after the
applications were selected, since they would be most seriously affected by a

decrease in pellinaters. In late June, plants of only 2 species , Cyncglessum

officingle and Mertensia paniculzta, could be found 1o the late bud stage

Representatives of these
species were marked with tagged stakes and examined after flowering hal ceased.

A later-bleooming plant, Symphoricarpos albus, was also examined io this manner.‘

In doing these comparisons, an attempt vas made to select spray and control
plots that were as similar climatically as possible, to keep the influence

of weather to a ainimum.

QELULTS AND DISCUSSION

Hon-v Ree Studies

Pertinent resulfs of :he\dead bee trapping appear in Table 3, and in graph

forau in Figs £ B8-12. Table & shows the brood weasuremeats for 1975 a=d 1976, and

the beekeeper's assQSSWEnts of colony conditlion some months after treatment.
Treatment with carbaryl resulted in very hi;h numbers of dead hées trapped

for about 10 days at both LC2 and GC2, and unusually tigh counts at the nearby

ckeck plots, LC1 and GC1. Typical symptoms of carbamate poisoning were observed
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* for more than a wveek after applicacion. Huge numbers mere dying at the hive.

Many "crawlers” or stupified bees were seen around the colony entrances, especially
at the treated plots; but also at the check plots. Bees were unusually aggressive
at GC1 and LCLl for several days after txeatment; at the trested plois they were
obviously toa 1npairgd to show aggression.

Evalua:ion of colony condition 10 and 11 days post—treatment revealed the
extent of damage to the colonies. Colony A at LC2 shoved a solid pattern ot
capped brood and was obviously a very stroag colony before spray. However, all
the brood vas capped, revealing that- the brood cycle was broken within 1-2 days
after the applicatlion. Exaniczaticon of LC2-B revealed only a few uncapped larvaf
and no eggs. The larvae appezrei dull and flattened. Here again, the brood
cycle was strongly disrupted sora after treatment. Both colonies at GC2? fared
slightly better. AltﬁGﬁgh few adults we;ivin evidence at the first. colony check,
broud of all ages was present, 2lbeit in very erratic pattérns. Except for
GC'-A, the check colonies at CCl and LCl were reasohahly healthy at this first
inspection. All contained a high proportion of young brood and eggs. GCl-A
was very weak from the start, and carbaryl contamination from GC2 may have
caused ihg queen (which was observed) te ceﬁse laying.for 2 time.

At aumme:’g end, 45-47 days post-spray, colonies on the check plots near
the carbaryl-treated plots were in good condition, and the;e colonies (GCl and
LCl) were still heal;hy ” moaths after spray. At LC2 both colonies were dead
as of the final inspection of the summer. Ants had invaded the hives, and mold -
was growing on the combs. C{Z colonies managed a slight recovery, but colony
A starved by January and colony B was weak.

Acephate at both one and 2 1b ai/acre was wuch more detrimental to honey
bees than would be predicted by a review of previous 1ﬁvestigations. Moderate

to high kills occurred for about 2 weeks at both dosages, probably due at least

in part to the cool weather in the lLaGrdnde District 2--3 days after spray (Fig. 13).
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causing more deaths when wara

ce foraging {amedlately afrer SPray.,
weather came and fleld bees were being exposed tO the chemical. Low temperatures
also increased the residual toxicity of the material (Johansen, 1976a}.
However, injury to the colonles vas more severe than the trap counts
indicated: Obviously, & greater proportion of the foraging bees were killed in
the field bY faster-acting acephate than by carbaryl. strength of the colonies
at LAC and JC was greatly reduced. Ten days after treatment “hare was Bo obvious
activity at any pf the &4 hives, despite 21 C temperature :gd direct sunlight .

striking the colonies. None of the four colonies were effectively removing dead

bees from the hive enttances:o: bottom boards. Typical symptods of organophos=
ning bees were spinning oT moving erratically

ning vere prevalect. Rexmal

phorous polso
up to 2 veeks after application. Large numbers ol bees, wet with regurgitation

jonies. At both plots, 88 well as

were seen dyiog at all & acephate—treated co
at the neighboring check plot, WC, hees were quite aggressive, stinging without

provocation.
N )
Inspection of tne acernate-t:eated colonies 11-12 days after spray showed

that brood cycles had been quickly broken in all 4 of the hives. All b ood was

ght into any of the colonies. At

old and capped, and no pollen was being brou
1LAG-B laying workers were yndicated by the preaence of several eggs {n many of

but colony B had only capped brood. BY

the cells. At HC colony A was healthy,

cad and the other contained only a small

ad, one colony 8t LAC was ¢
s found at JC. We-B (a check)

sezson's €

amount of laying worker prood. The same situvation wa

nies that had been on acephate-treated

had no broad 3

t all. By January, all colo
N

plots were dead, as was WC~-B.

Diflubenzuron had no detectable effect on either adult mortality or

brood rearing. Todd trap counts remained normal and all colonies at VC and BC

1t is odd that BC-B was found

were healthy at 10-day and 46-day inspectiomns.

tober, aud dead in January. The timing

"pelow average” bY the beekeeper in Oc
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BEST CTOUMENT AVAILABLE

of the colonv's demise 1s such that the queen may Lave been injured or lost

during the final -~olony check of tha summer. In any case, it is very unlilely
that diflybenzuron contributed to the death of a colony which had flourished all
sumper. >

Flndings-of the honey bee poisoning aspects of this study thus coiacide
closely vith other researchers’ results, except in the case of acephate. Immediate
disruption of the brood cycles occurred ia 50X of the carbaryl-trzated colonies
and in 1007 of those exposed to acephate. This aecas a littlg incongrucus, since
livang queens vere observed in =ast of the colonies at the first post-spray
inspection. Jo:ansen (persenzl comnunication) has hypothesized that efther the
reduction in nudder of hive baes, or an alteration of their behavior due to
the chemicals, may diminish t:s supply of royal jelly fed to the queen, thus
depriving her of protein needed for egg production.

There seemns to be uo completelv satisfactory explanaticn for the severity

of acephate affects that occurred- in the study. Cold weather during the acephate

‘applications could account for increasing the residual hazard to bees from several

hours to several days (Johansen, 1976a). A sizable conversion of acephate to
methamidophos occurred between the time tank samples and O-day duff and foliage

In the O-doy pellia ssmpla tkea o the 87, o dibected
samples were taken for chemical analysis,{Retrerear-lidi)}s Both of these items reesduey vier

”m h.M-JO 5\c
) (A2 ﬂ:bﬂ'h' perrs
help explain the unexpectedly severe killing of bees. A third explanation relates

to changes during the development of acephate from initial laboratory samples,
through pilot experimental batches, to final commercial production. Increasing
ruality control and purity of the final product appear to be associated with

increasing effectiveness against, target pest inserts as well as .xicity to bees.

Wild Bee Studies

Sightings of bees are shown for 8 genera of plants in Tables 5-12. In
some caces, 25 square yards could not be observed, and the figures :re extrapolated

from sightings totalling at least 10 square yards.
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1C2. Although there are no pre-spray data for Trifolium at CC2, post-spray

data indicate a similar effect occurred om that plot. On both cacbaryl plots,
) ' .
Osmia numbers on cloveihad returned to normal within 2 weeks. DBombus foragers

on Symphoricarpos were badly -~educed at GC? and did not recover for about a

month.

Effects from acephate are dete:ta&le in several cases. On Mertensia ar JC,
Osmia and possibly Bombus were reduced without si_n-of recovery within 17 days o‘
post-spray sampling. At LAC on ngzhoticaggof, Boabus appear to have been reduced
for about a month, though the data base was spall. On Phacelia at JC, Bombus

populations were again sizable 17 days after spray, though megachilid populagions

~did not recover until 29 days after application. At LAC there probably was a 3-5

day depression of Bombus foragers on Solidago.
1

On diflubenzuron-treated plots there was only one case where a forager

depression may be indicated. This is at BC on Symphoricarpos, where Bombus numbers
were low for a month following the spray. However, lack of blooms duriog the pre-
spray period prohibitd verificrtion of the effect. -

Ou one check plot, WC, there is eQidenca of a teduction In foragers after
spray. On Taraxacum honey bee numbers were decreased somewhat.

Obviocusly, wild bee observations are not as depeadablé an index of insecti-
cide effects as honey bee ¢-a. In some cases, ostensible reduction of foragers
may be attributable to natural population fluctuations or to the abandonment of
the observed plant in favor of a more attractive flow:r elsevhere., Use of wild
bee sightings should thus be of a Suppo;tive nature. However, depression of
foragine activity was observed much more frequently on the plots where killing
of honey bees was severe than.vn the diflubenzuron or checle plots.,

It {s important to note that there is a succession of bees eherging through

the summer, and that a temporary disruption of populations will not necessarily

A
"




LN

&

’
e DhoAl Gl
I AR

LS

P

TN

e,

o

A=

 BEST DOCUMENT AVAILABLL

= =

\ 4

17
¥

béj;;lntained through .the season. Finnigan (1968), vorking at siailar eleuLtions
in northern Idaho, found 8 species of Ei!li occurring in an overlapping Jequence
from @id-June through sid-August. Individual specigs also vere present fof wenths
at a time. Though species of Osmia were not determined in this study, thefe was
an ovvious, similar successdéon. Likevise, vorking with essentially the sape
:

Bombus species as were encountered in Orcgnn._Flnnigiu found most speciei‘occsrrlng
from late May into early Septesber. This is precisely what vas observed in our
study.

The most prevalert Bombus sp. in_each plot often varied bgtueen'seasons
and successful Toohus nests were apparently rare In the plots, Therefore, many
of the foraging bumble bees otserved may have moved up fromtlower-elevations
during favorable days, and ces cueens may move down to lower -elevations in

search of hibernating .izes during late suzmer and fall. This would also tend

to reduce the effects of single applications of sprays at higher elevacions,

Malaise Trapping

Malaise trap data were not consistent enough tc use as an indicator of
pesticide impact. Fluctuations from one day to another and frow one plot to
another followed no discernible pattern. Therefore, it is only appropriate to
use these data to show which taxa occurred in the study areas. A plot-by-plot
summatry of the bees caught in the Malaise-type trap over tie tWo seasons is
given in Table 13. Bees netted or seen on the plots, but not trapped, are
alsy represented,

Bees oczurring in abundance in ihe Malaise traps are not necessarily the
tiost impor-ant forest pollinators, nor the most cowmonly sighted bees. Halictus

espectally, and Andrena, to some extent were trapped In numbers diéproportionate

to what was observed in the field. This is protably due in part to Halictus'

Agreéter propensity to use the flyways in which the traps were sef up (W. J. Turner,

persconal communication). 2art of the explanation undoubtedly lies {n what plant
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species vere observed for foragers. While Osaia and Besbus visit the more

abundant species, Halictus may be visiting flowers whiich are Ttove scattered and
less lilely to grow in clumps that lead theaselves to sightings. Nete that 210
geneta of bees were collected or observed on the plots. However, of these Bombus ,
Osnia add possibly Halictus are major pollinators of the forest understory and

meadow plants (é. g. Finnigan,-1968).

Nesting Studies .

Sizes of Bombus nests excavated appear in Table 14. Obviously this 1s a

small data hase, but the results do show that a single Bombus bifarfus nearcticus

colony was at least as successful on diflubenzuron-treated BC as a colony of the
same species was on GC2 in 1975.

In Table 15 are the numbers of Osmia that nested in the trap boxes in
1976. Probably no conclusion can be safely drawn from these data, unless it 1is
that as many late nesters were found in treated plots as in check plots. This
indicates again that the succession of bee species during a season will overshadow

brief absences of pollinators created by short-term spray programs.

Flowering Plant Studies

In Table 16 are the results of the study to d:termine plants' dependence
on insects for ﬁollination. These indicate tnat at leas: 16 of 19 genera studied
produce seeds more successfully with insect pollination, and 8 of these are
conpletely dependent upon insects. Several of these plants, or related svecles,
have been studied before with similar results. Commercially grown Allium requires
insect pollination (McGregor, 1976). Maclor's (1974) results on Aconltﬁm colurbianun,

Lastillela, Dﬁiﬂhlnluﬂ. Iris, Lupinus, Mertensia. and Thermopsis all are in cluse

accord with these of this study. Maclor found Phacelia sericea to be moderately

self-fruitful, though benefitted by insects. Phacelia hastata is apparently more

101

dependent upon insects. Manning (1943) includes Symphoricarpos among the plants
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ted bY crogs-pollinatioﬁ.

scovery that Veratrus califernicum was more

slightly surprising was the di

fruitful when open-pollinated. Atkins (1975) 1ists this species ameng these
which are peisonous, or suspected as such, to bees. Indeed, very few bees were
ever observed near these plants. E. J. Davis (personal connunicatien) netted
jarge numbers of syrphids and anthosyids on these flowers, SO Veratrumis most

likely a "fly flower."
(Table 17) are scant because of diffi-

Results of the germination tests

culties encou=tered in trying =0 germinate seeds, and because of failure to
collect enough seed from ceszzin species to conduct statistically meaningful
tests. In the tvo species gsulisd, insect pollination did improve germination
percentage. This emphasiies -=¢ need for more studies of this sort. Productioﬁ
of non-viable seed may still ywenefit wildlife, but it is of no use in plant”’

reproduction.

Free (1970) correctly coitends that experiments which attempt to determine

the effe +f insect pollination by comparing only seed yield of caged plants
with seed yield of uncaged plants aTe unsatisfactory because they do not TeCOg-
elf. There should ideally be 3 treatments in such

nize the effect of the cage its
expeTiments: 1) caged with bees; 2) caged without bees; and 3) open—pollinated.
Clearly, this design was impractical under the circumstances of this study.
f effects of the various cages appear in Tablé

lhxug'h tqoy_i hs;'g%ne"rf W Yitside the

51gn1f¥ca%%95ced. Other

Temper: (ure and Telative humidit

}8. in all 3 cage sizes, temperature was §

cage. lTupne & 3 cage sizes, relative humidity was

factors ihat might be affected by screening, such as light jntensity and wind
speed, were not measured. 1t is not clear what effect the small temperature

and relative humidity changes might have on the plants studied. No symptoms
production) were readily apparent in any of

of damage (other than low fruit
geveral authors (Free and Spencer—Booth, 1963; Rubis et al..,

the caged specie>.

1966) have found yield of commercially grown CIOps adversely affected by

10c

caging-

R —— ,
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Percentages of frult set bv plants in treated vs. non-treated pleis appear
ia Table 19. Fruit preduction by Mertensia 2t JC vas much lewer than at WC, while

Svephericarjes and Cyneglessum fruit production at GC2 and LAC vas nermal. It is

netewerthy that Mertensia is rarely visited by honey bees, vhile Cvnoglessum and

Svzphericarpes are very attractive to honey bees. Reduction of Osmia and Rexdus

at JC would thus explain Mertensia's low fruit production , while heney bee foraging

maintained the pollination of Cynoglossum and Sywphericarpes despite depression of

the numbers of wild bees in those plots.

CONCLUSIONS

1. Carbaryl {Sevin-4-ofl) at 2 lb ai/acre killed large numbers of honey bees,
11,650 - 19,942/coleny (check-corrected range) during the first week after
. *application. It disrupted the brood cycle and caused supercedure of the
- ~queen in 2 colonies, and left the other 2 very weak. Three of tﬁe 4 colonies
were dead by January 77. éarharyl also killed honey bees in the & closest

check plot colonies (375~ 5.936/colouyrdur1ng the first week).

Surprisingly, acephate at both one and 2 1b ailgcre was more detrimeatal than
carbaryl to honey bee coloniea. Obviously, wany foraging workers succumbed

to this faster-acting chemical in the field, since only 2100- 3387/colony

were obtained in dead bee traps on the hives during the first week. Brood
cycles of the 4 colonles were permanently broken and all were technically

dead within 45-48 days after treatment (small amounts of drone brood produced
by laying workers were present in 2 of the colonies). One colony in the nearest
check plot sufferad some-loss due to'acephate, but {ts deat% by January 77 may

not have been a direct result of the treatment.

1uflubenznuron at both 2 and 4 oz al/acre had no.effect on adult honey bee.

death rates or brood production.
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Depressiens in numbers of feraging wiid bees were apparent Iin 2ll plets
treated with carbaryl or acephate. In contrast, reductiens in foraging
setivity were rare in check or diflubenzuron-treated plots.

At least 16 of 19 plants tested showed a benefit from Insect pollination.

Szeds of 2 species germinated more successfully vhen insect-pollifinaced.

Fruit production of Mertensia vas severely reduced oo an acepha:e-tre}ted

plot. Other species studied may have set normal numbers of fruic due to the

-

introducti~a of horey bees for the study.

All other factors being equal In a cost-benefit analysis, the results of this

stuly encourzge the use of Iiflubenzuroa if control measurss for Douglas-fir
tussock moth are deemed aezessary in the future.

A single application of azes=ate or carbaryl in Pacific Northwest forests at
46,000 ft elevatfior Is uriikely to cause either a severe or long-term impact
because of r.ductioz in insect pollihation. Bumble bees, the most prevalent
and important pollinators, apparently move up f;on lower elevatrions during the
season. A succession of earlier and lucer-emerging species of both Bombus

and Osmia occurs through the season and a considerable variation in intra-

specific timing also occurs. .

~.
-~




 3EST DOCUMENT AVAIL AbLE

N ——

n -~
V0 Yaura ) 6

LITERATURE CITED

Andersen, L. D., E. L. Atkins and G. P. Ceerghiou. 1946. cffect of pesticides
on apizulture. Univ. of Calif., ®iverside Ann. Rptr. or Prej. 1459,
unpublished.

Assoclation of Offficlal Seed Analysts. 1970. Rules for tescting se2ds. Prec.
of Assoc. of Official Seed Analyscs 60(2): 1-116.

Atkins, E. L. 1975. Injury to honey bees by polsening. P. 663-26 in The Hive
and the Honey Bee. Dadant ana Sons, Hamilten, Ill.

Atkins, E. L., L. D. Andersen, D. Kellum and K. W. Neuman. 1976. Piotecting
honey bees from pesticides. Univ. Calif. Ext. Leaflet 2B83. 14 p.

Atkins, E. L., F. E. Todd and L. D. Anderson. 1970. Honey bee field research
alded by Todd dead bee hive entrance trap. Calif. Agr. 24¢10): 12-113.

Bohart, G. E. 1952. Pollinatioc by nafive insects. P, 107-21 in U. S. Dep.
Agr. Yeardboou 1952.

Buckner, C. H., and B. B. MclLeod. 1975. Iwmpact of aertal applications of Orthene
upon non--target organisas, HRpt. CC-X-104. Chem. Control Res. Ianst., Ottawa,
Ontario. 48 p.

Eves, J. D., and C. A. Johansen. 1974. Population dynamics of larvae of alfalfa
leafcutting bee, Megachile rotundata , in eastern Washington. Wash. Agr.
Exp. Sta. Tech. Bull. 78. 13 p.

Finnigan, B. F. 1968. Pollination ecology in southeastern Washington and adjacent
- Idahoe, M. S. thesis, Wash. Srate Univ. 71 v.

Free, J. B. 1970. Insect Pollinat.on of Crop Plants. Academic Press, New York
and London. 544 p.

Hall, F. C. 1973, Plant communities nf the Blue Mountains in eastern Oregon and
southeastern Washington. U. S. Dep. Agr. For. Serv., Pacific NW Region,
R-6 Area Guide 3-1. 62 p.

Holland, D. G. 1975. Efficacy and non-target '‘evaluation of an unconventional
insecticide (Dimilin) for an integrated gypsy moth control program. Address
to Ent. Soc. of Amer. New Orleans, Dec., 1975.

- Johansen, C. A. 1960. Bee repelient combl.ed with Dieldrin or Sevin in bee
polsoning tests on alfalfa. J. Econ. Ent. 53(6): 1010-12.

+ 1963. The bee poisoning hazard from pesticides. Wash. Agr. Exp. Sta.
Bull. 709, 14 p. ’

1972a. Spray additives for insecticidal selectivity to {injurious vs.
benefi{cial insects. Eavir. Ent, l: 51-54. ’

+ 1972b. Toxlicity of field-weathered insecticide residues to four
kinds of bees., Envir. Eat. 1l: 393-94,

» 1973, Bee research Investigations, 1973. Wash. State Univ. Ann.
unpublished.




- 3EST DOCUMENT AVAH AbLL

——

Jekansen. C. A. 19'>. Bee research investigations, 1975. Wash. State Univ.
Ann. Rpt., unpublished. - .

1976a. Bee research investigations, 1976. Wash. State Univ. Aan .
Rpt., unpublished.

1976b. Mew te reduce poisoning of bees from pesticides. Wash. Agr.
Ext. Serv. EM 3473, 6 p.

- 1977, Pesticides and pollinators. Ann. Rev. Ert. 22: 177-92.

Johansen, C. A., and M. G. Kleinschaidt. 1972. Insecticide formulations and
their toxicity to honey bees. J. Apic. Res. 11: 59-62.

Knott, M. P._ 1950. Wildlife and its dependence on seed production. P. 139-40
in Towa State Apiarist Rpt. 1949. '

Lagier, R. F., C. A. Johansen, M. G. Kleinschmidt, L. I. Butler, L. M. McDonnugh
and D. $. Jackson. 1974. Adjuvants decrease insecticide hazard to honey
bees. Wash. Agr. Exp. Sta. Bull. 801. 7 p.

Macior, L. W. 1974. Pollination ecology of the front range of the Colorado
Rocky Mountains. Melanderia 15: 1-59. :

Maguire, J. D., and A. Overland. 1972. Laboratory germination of seeds of
weedy and native plants. Wash. Agr. Exp. Sta. Circ. 349. 15 p.

Manning, L. E. 1943. Your shade trees: all that flowers does not fruit.
Amer. For. 49(1¢): 492-93, ’

Martin, A. C., H. S. Zim and A. L. Nelson. 1951. American Wildlife and Plants,
a Guide to Wildlife Food Habits. Dover Publications, Inc., New York.
soo p. ®

McGregor, S. E. 1976. Insect Pollination of Cultivated Crop Plants. Agr.
Handbook 496. U. §. Govt. Printjng Office, Wasnington, D. C. 411 p.

/
Morse, R. AW _1972. Honey bees and gypsy moth control. N. Y, Food Life Sci.
§(2): 749.

Nye, W, P, 1959. A modified pollen trap for honey bee hives. J. Econ. Ent.
52: 1024-25. .
&t
Teberts—R—B—1973.

Rubis, D. D., M. D. Levin and §. E. McGregor. 1966. Effects of honey bee
activity and cages on attributes of thin-hull and normal safflower
lines. Crop. Sci. 6: 11-14.

Smith, M. V., and G. F. Townsend. 1952. A method of measuring pellinator
populations on field crops. Can. Ent. 84: 314-16.




Stephen, W. P. 1957. Bumble bees of western Nerth America (Hymeneptera:
Apeidea). Ore. State Coll. Tech. Bull. 40. 163 P-

-Stephen, W. P., G. E. Bohart and P. F. Terchie. 1969. The Bielegy and

External Merphology of Bees. Ore. State Univ. Agr. Exp. Sta. Cervallss,
Ore. 149 p.

Yeager, A. F. 1937. Pollinatien studies with North Daketa fruits. Amer. Sor.
Hort. Sei. Proc. 35: 12-1;.




 8ES+ DOCUMENT AVAILABLE

APPENDIX A

TABLES




Table 2. Plot allecations, dates and wcaiher conditiens eof treatn.:"s
applied te selected plots in Wallewa-Whitman Natienal Ferest, Jun. ~§.

Date Plet Treatment Temp. C Wi ..
June LAC Acephate 1 }b aifacre

June JC Acephate 2 1b ai/acre

June Ve Diflubenzuren 4 oz ai/acre

June BC Diflubenzuren 2 oz ai/acre

June GC2 Carbaryl 2 1b ai/acre

June 7 LC2 Carbaryl 2 1b ai/acre
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Table 13. Numbers of bees caught in Malaise-type traps during summers of 1975
and 1976. ]

Plot
- La 1.C2 BC

0 0 k]

.6 7 8

Anthidium

Dianthidium

Melissodes

Tetralonia

Anthophora
Emphorogsis

Egratina

Apis mellifera L.

Borbus appositus Cresson

B. bifarius nearcticus
Handlirsch

B. californicus consanguineus
) Handlirsch

B. centralis Cresson

B. fervidus {Fabricius)

B. flavifrons Cresson
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Table 13. (Continued)

Bee : WC

B. mixtus Cresson 2

B. ocgidentalis Greene 15

B. vagans F. Smith 0

i'sithxms2 B |

1 The symbol "¥" indicated thz bee was netted or seen on the plot, but was not caught
in the Malalse-type LTap.

2 Absence of pollen-gathering scopae diminishes the importance of this bee as a
7/ pollinator.
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colonies, Aug 75 and 76.

Table 15. Numbers of workers and cells

Species Year # workers f cells
g;_bifarius nearcticus 1975 27 144
E;_bifatiuswnearcticus 1976 Diflutenzuron 2 o2 36 195
B. occidentalis 1975 20 93
B. occidentalls 1975 54 302

e e ——

All nesting occurred after mid-

Table 15. NKuobers of Osmia trap-nested, 1976.
July.

Plot Trea'ment § Opmia_
1Ccl Check 12
Grl Check 0
L[+ Check 0
BC piflubenzuron 2 02 1
vC piflubenzuron 4 oz 1
6C2 Carbaryl 2 1b 9
LC? Carbaryl 2.1b 3
JC Acepnate 2 1b 0
LAC Acephate 1 1b 18
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Table 16. Fruit production on selected forest plants.

Under, exclosures Open=pollinated
Total Total : Total Total
flowers sead-bearing Percent flowers seed-bearing
fruit fruic

Aconitum columbianua : 185

Allium sp. - ’ 691

Aquilegia sp. ‘ o123
Brodiaea douglasii 38

cm : ' ] 36

Cynoglossum officinale : ; LYy

Delphinium sp. .' : 90

Iris sp. 19

Lupinus sp.

Mertensia panigulata

Oxytropis campestris

Phacelia hastata

Potentilia sp.
Sedum SP.

Senecio triangularis

Sclidapgo sp.
Symphoricarpos albus

Thernopsis montana

2
Veratrua californicum
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Table 17. Poocled-t test between numbers of successfully germinating open-
pollinated seeds and seeds pollinated under screen.

X germinated1

Plant ‘Days incubated Screened Open-pollinated SDP Pooled-t

Aquilegia sp. 30 0.3 4.8 “1.12 11.36** _
. L]

Potentilla sp. 14 19.0 42.8 8.57 7.85*

1 based on 4 trials of 100 seeds each for both open-pollinated seeds and seeds
pollinated uhder screen.

*» Significant at .01 level.
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APPENDIX B
ILLUSTRATIONS
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Fig. 2. Location and topography of plots (Lc1, Lc2, BC, VC, GC1l, GC2), and
location of weather stations (w) in Union District of Walicwa-Fhitman Mational

Forest.
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FIGURES 3-7 ARE PHOTOGRAPHS, “Cw BEING PROCESSED AT BINDERY.
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Fig. 8. Comparison of nurbers of dead honey bees trapped in 1975 and 1376
o0 2 plots(GC2, LC2) treated with carbaryl
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Fig. 9. Comparison of numbers of dead honey bees trapped in 1976 and
1976 on 2 plots (LAC, JC) treated with acephate.
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Fig. 1o, Comparison of numbers of dead honey bees trapped in 1975 and
1976 on 2 plotsgtreated with diflubenzuron. _

e




| 7 2t Y
%

i
“. - .\\\-\\-\..\\...\

\\

L ,..._n ! ~..
‘§\ e
\. ..\ .W.‘\. *
“

d plots.

N

ney bees trapped in 1975 and 1976

" BEST DOCUMENT AVAILABLE

o
'
o
o
1 3}
el
1
—
o
A
=
w
LV}
-~
L]
o
[~}
~—
—
o
o
-
—
o)
|
e
ui
v
=]
—t
[#5

<]
F=
o
o
]
©
N
o
v
£
2
2
[
L
)
[+
0
v
et
=
5]
a.
&
O
o

- -

_ iy : _ . | vo/anin/av3a
>¢.D\U>.I\D<m0 A

—

o
o
-

L
Q

on 2 check

Fig. 11.

P TN PR WNR e Rk SR PR




T Gy Qe I 304  BEST DOCUMENT AVAILABLE

>
L ¢
(R &
~
w i’
>
x
—
o]
L4
w
D

20-21 24-25
JUNE
der
Fig. 12. Comparison of nurbers of honey bees trapped in }975 and 1976
on a check plot (WC).
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Fig. 13'2an daily temperatures recorded at 3 weather stations in cime period sur-
rounding application dates (solid line, LaGrande District station; dotted
line, Goose Ck. station; dashed line, Lick Ck. station), Plot symbols (LAC,
JC, VC, BC, GC2, LC2) indicate respective dates of application.
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